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“— Condenser Tubes — 
in Brass, 


Admiralty Brass, 


Aluminium-Bronze, 


Cupro-Nickel, 


(80/20,::70/30, 60/40) 


from 


LEEDS, ENGLAND. 
Telephones : 20031. Telegrams : ‘ Tubes, Leeds.” 
LONDON OFFICE: 53, New Broad Street, E.C.2 
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WORK 


cluding 
qualities 


Tubes. 


Electrical 


Mica 
from our own Mines 

in India and other 
sources of production. 
Large and comprehensive 
stocks held in London, in- 


Splittings, Block, machined 

or made-up Mica in the form 

of Discs, Washers, Commutator 
Separators, Condenser Plates, etc. 


Micanite the leading Bakelite Varnish-Paper Insula- 
tion. Supplied in the form of Boards, 
the World's standard built-up Mica Panels, Tubes, Cylinders, Insulators and 
Insulation. Bushings. Paxolin’ Insulation is 


Manufactured and supplied in every 
commercial fornt including Commu- 

tator and Moulding Micanite, Flexible 
Micanite, Mica Tape, Micafolium, Heat- 
Resisting Micanite, Commutator Rings and 


Empire Cloths & Tapes 


Highest grade Varnished Cloths and Cambrics, yellow 

or black, Bias Cut Tapes, sewn or seamless, Varnished 
Silks, Papers and Canvas of every description are stocked 
to meet all requirements. 


Empire Varnished Cotton or Silk Tubing 


specially designed and manufactured to maintain its flexibility, 
elasticity and strength. 


Leatheroid, Vulcanised Fibre, Presspahn, 
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High Tension Terminals & Bushings 
for Indoor and Outdoor Service. 


Condenser or Bulk Type Paxolin Insulators and Bushings for 
all voltages are manufactured to standard or special designs 
to meet every condition of service, and are supplied 
complete with metal fittings ready for assembly on 


all grades and 
transformers and oil circuit breakers. 


of Raw Mica, 
Paxolin 


eminently suitable for use under hot 
oil in transformers and switchgear, 
and maintains its high electric 
strength at high temperatures. 


132 kV. Outdoor 
Condenser Type 
Transformer Bushing 


for the Grid Scheme. 


Adhesive Tapes, &c. 


The Micanite & Insulators 
Company, Ltd., 


Empire Works, Walthamstow, 
London, E.17. 


Telegrams: Telephone: 
** Mytilite, Phone, London."’ Walthamstow 2001. Y 
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THE 
MITCHELL COMPANY 


Supply 


BUILDINGS & HANDLING PLANTS 


OF ALL DESCRIPTIONS 


THE MITCHELL CONVEYOR Co. LTD., 
ATLANTIC HOUSE, 45-50, HOLBORN VIADUCT, LONDON, E.C.1. 


Telephone: Holborn 2821. 
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‘WESTINGHOUSE RECTIFIERS 


AND SOME OF THEIR MANY APPLICATIONS. 


The two top pictures show Westinghouse Metal Rectifiers feeding magnetic chucks. The illustrations 
below show a half-kilowatt rectifier set trickle charging the standby lighting batteries at Olympia 
Exhibition Buildings, London. 


WESTINGHOUSE RECTIFIERS WESTINGHOUSE RECTIFIERS 
are now used to — current “or io WILL SUPPLY DIRECT CURRENT FROM 
ver CONTROL GEAR. ARC MPS. MAINS WITHOUT THE DISADVANTAGES OF 
D.C. MOTORS. LIGHTING NT ROTARY CHEMICAL ACTION OR VALVES. 
ATi SHOPS. OF MOTOR CARS, MOTOR | In other wo 
BATTERY CHARGING. a ETC., in sizes RECTIFICATION IN THE SIMPLEST AND MOST 
TRICKLE CHARGING. rang | RELIABLE WAY. 
A.C. MOVING COIL FROM. “MICROWATTS | 
INSTRUMENTS. TO KILOWATTS. Send for Pamphlet D.P.11h. 


The Westinghouse Brake & Saxby Signal Co., Ltd., 82, York Road, King’s Cross, London, N.1. 
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TRANSFORMER OIL PURIFICATION. 


Not only is it necessary to fill a Trans- 
former with purified oil but it is equally 
important that the oil is purified from time 
to time to remove water and foreign im- 
purities such as rust, scale, fibres, etc., as 
otherwise a breakdown will sooner or later 
occur. By means of a De Laval Oil 
Purifier this is easily accomplished at a 
negligible cost. 


For Conservator Transformers and those 
operating under tropical or humid condi- 
tions, Non-aerating De Laval Oil Purifiers 
should be used, and for open-type Trans- 
formers standard open-type De Laval 
Separators. 


All types and sizes of De Laval Puri- 
fiers can be supplied as portable, self- 
contained units, enabling the oil-purifying 
equipment to be wheeled to the Trans- 
former, and the oil purified whilst the 
Transformer is on load. 


A De Laval Non-aerating type of Oil Purifier supplied for the purificati 
of Transformer and ‘Switeh Oils in an excessively hot a b wll. — 


ALFA-LAVAL CO., LTD., 34, Grosvenor Road, London, S.W.1. 


ROLLING MILLS 
AND ACCESSORY MACHINERY. 


We are Specialists in: 


MODERN ROLLING MILLS 


of all types and sizes. 


MANIPULATORS 


of various types. 
SHEARS AND HOT SAWS. 
INGOT TILTERS, ROLLER 
TABLES, ROLL LATHES, ete. 
HYDRAULIC PRESSES. 
PUMPS & ACCUMULATORS. 
STEAM HAMMERS. 
STEAM BOILERS. 


DAVY BROTHERS, 


LIMITED, 
SHEFFIELD. 


Established 1830. 


36” ROUGHING MILL WITH “WILLIAMS” MANIPULATOR. 


_ DE TAVAL ag 
sui 
a 
a 
a 
* 
a 


VI THE ENGLISH ELECTRIC JOURNAL. November, 1930. 


_ STRATHCLYDE PAINT Co. LTD., 


Manufacturers of 


_ LEADS, PAINTS, COLOURS & VARNISHES 


Specialists in Paints for 
MACHINE TOOLS and all kinds of MACHINERY 


Puralb ” Strathclyde ” Strathclyde” 
White Lead Enamel Filling up & Anti-corrosive 
Substitute. Dull Steel Grey Paints. Oxide Paints. 


Contractors to Home & Colonial Governments, leading 
Railway Co.’s, Car. & Wagon Builders, Engineers, &c. 


| STRATHCLYDE Works, DALMARNOCK, GLASGOW. 


Magnet wire unaffected by 
temperature up to 200'c 


Lewbestos insulated 
wire is unequalled 


for use in the manufacture and repair of coils for traction, 
mining and mill motors; lifting magnets and all apparatus 
subject to severe temperature rise. 


Withstands a test pressure of 1,000 Volts between turns 
after long period working up to 200° C. (392° F.). 


LEWBESTOS is a pure Asbestos Fibre Insulation specially 
treated to remove all impurities, and it is moisture-proof 
and tough, but in spite of its toughness it will not crack 
or break on sharp bends. 


LEWBESTOS 


REGD. 
PURE ASBESTOS FIBRE INSULATION 


THE LONDON ELECTRIC WIRE COMPANY AND SMITHS’ LIMITED 
Church Road, Leyton, London, E.10. 


Telephone :—Walthamstow 2531. Telegrams :—Lewcos, London. 


Trade Counter and Cable Sales: 7, Playhouse Yd., Golden Lane, London, E.C.1. 
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E. N. MASON & SONS LIMITED 


THE MANUFACTURING DRAWING OFFICE STATIONERS 


“ARCLIGHT” CONTINUOUS ELECTRIC PHOTO COPIERS 
HORIZONTAL INDEPENDENT _ALL-GEARED TYPE 


Patent Nos. 248842-326445. 


Prov. Pat. No. 33632/29. 


No. A8—42 in. MODEL E DUPLEX MACHINE No. A6—42 in. MODEL E SIMPLEX MACHINE 


(With End Reflectors Removed). 


A NEW MODEL OF UNIQUE DESIGN AND PERFORMANCE 


STANDARD POWER MACHINES 
PROVIDE INFINITE SPEED 
VARIATION BETWEEN 2 INCHES 
AND 10 FEET PER MIN. 


A DUPLEX MACHINEISEQUIVA- 
LENT TO TWO SEPARATE 
MACHINES ILLUMINATED BY A 
COMMON LIGHT UNIT. 


Mechanical Speed Variation 
Electrically Controlled 


HIGH POWER: MACHINES 
PROVIDE INFINITE SPEED 
VARIATION BETWEEN 4 INCHES 
AND 20 FEET PER MIN. 


INCREASED AND MORE 
EFFICIENT PRODUCTION FOR 
LOWER CAPITAL AND RUN- 
NING COSTS. 


CATALOGUES AND FULL PARTICULARS SENT ON REQUEST 


ARCLIGHT WORKS, COLCHESTER, ENGLAND. 


LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE-ON-TYNE. 
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| | 
NORMAN E. Box LIP: 


MOTOR CARRIERS AND HEAVY | 
HAULAGE CONTRACTORS | 


SPECIALISTS IN HANDLING ALL CLASSES OF 
ELECTRICAL PLANT, BOILERS, MACHINERY &c. 


Seventy-one ton Stator of a 27,500 kW. Turbo-Alternator, 
en route from the Stafford Works of The English Electric 
Co., to Dalmarnock Power Station, Glasgow. 


Total deadweight, including bogie, eighty-one tons! | 


RUSHOLME ROAD, ARDWICK GREEN, MANCHESTER 


Telegrams: ‘‘ Hauling, Manchester.” Telephones: Ardwick 2735 & 2736 
AND AT: 
56, Woodhouse Lane, Leeds. 


Telephone: 25503. 


521, Lichfield Road, Aston, Birrningham. 


Telephone: East 1438. 
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TRADE MARK 


VERTICAL MOTOR DRIVEN A h 
MANGANESE STEEL. & 
ASH PUM? 
Pumping 


MAKE UP WATER P ‘ DOUBLE ROLL MOvoR 
FLOAT CONTROL : DRIVEN CLINKER GRINDER 


ASH AND WATER 


DISCHARGE SLUICE 
CAST IRON GRID 


Specify Specify 


Products 


WRITE FOR 
CATALOGUE 


SUMP WITH WEAR-RESISTING ALLOY ASH PUMP. 


b application the Hydrojet sluiceway discharges into a sump from which the water-ash mixture is pumped either to 
Fog aoe pao or to an overhead water collecting ash tank. When large clinker is infrequent the grinder may be replaced 
by a 4-in. grid. Ash pumping is the cheapest, simplest and most flexible method of dealing with the ash from the sump onwards. 


THE ASH COMPANY (London) LIMITED 
63, Lincoln’s Inn Fields, London, W.C.2. 
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hexe’s 
comfort in 
Glaxeless 


Light. 


Ka good 


for using 
THE POPULAR 


PEARL 
OPAL LAMPS 


FOR LIGHT WITHOUT GLARE 


REDUCED PRICES 


OBTAINABLE FROM ALL BRITISH MAD 
ELECTRICAL DEALERS 


Out SIEMENS ELECTRIC LAMPS AND SUPPLIES LIMITED. 38/9,Upper Thames Street, London, E:C-4- 
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Queen’s House from Lincoln’s Inn Fields. 
All rights of republication, including translation of articles, are reserved. 


Be 
: 


Station of the North British Aluminium Company, containing five 


The Lochaber Hydro-electric Power 
yenerators having an aggregate output of 100,000 amperes. 


10,000 H.P. Water Turbines driving D.C. 
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EDITORIAL. 


This issue of the Journal is devoted 
mainly to a description of some large 
generating plants which represent the 
several 


latest developments in their 


classes, and present many noteworthy 


NOVEMBER 1930 


One Shilling. 
features. The prime movers are of the 
steam turbine and hydraulic types, and 
in the latter case both impulse and 
reaction machines come under review. 


The steam turbine set recently installed 
at West Ham was the largest in this 
country running at 3,000 r.p.m. The 
set has an output of 30,000 kW. and, as 
illustrating the great advance that has 
been made in heavy engineering during 
recent years, it may be mentioned that 
prior to the war the largest unit running 
at this speed had a capacity of only 
3,000 kW. or one-tenth that of the new 
machine. The steam set comprises 
turbine, generator, and condenser, while 
the hydraulic installations described in 
the following article include both impulse 
and reaction wheels, large alternators 
and direct-current generators, and main 
hydraulic valves; and the Company has 
the distinction of being the only firm, 
not only in this country but in the 
world, with one possible exception, that 
designs and manufactures in its own 


several items. The 


shops all these 
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advantages of this are obvious; not only 
is there the most complete collaboration 
of designers and shop engineers, but the 
various component parts can readily be 
together for fitting ad- 
justment in the Works. There is further 


brought and 


the great advantage that erection on 


site is in the hands of a_ single con- 


tracting party. 


The hydraulic machines we describe 
are the largest installed in Great Britain, 
and they have been designed and manu- 
Further 
it may be mentioned that, including the 


factured entirely in our Works. 


reconstructed machines at Kinlochleven, 
all the large water turbines operating in 
Scotland have been manufactured by the 
Company. Our readers have doubtless 
seen many references in the Press to the 
Lochaber scheme of the British Alumin- 
ium Company with its great tunnel, 15 
miles long, through the massif of Ben 
Nevis. The completed scheme must for 
all time be the largest in Great Britain 
as there is no other catchment area capable 


New Traction Contracts. Amongst the 
orders for electric traction material that have 
been received recently, the following are of 
special interest. 


For the Buenos Aires Great Southern Railway 
the Company is manufacturing 68 motors and 
control gear for an aggregate of about 10,000 h.p. 
This material forms the propelling equipment for 
a number of Diesel-electric trains and _ loco- 
motives. 


Following the successful trial of a special design 
of tramway track the Liverpool Corporation has 
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of supplying the same amount of power 
from a single generating station. The 
turbines work under a head of about 800 
ft., and the generators feed direct current 
straight to the aluminium furnaces. Each 
commutator deals withacurrent of 10,000 
amperes and, although the machines are 
in continuous full-load service day and 
night, commutation is entirely satisfac- 
tory, indeed 
machines of only one tenth the output. 


more so than with many 
In this connection it is of interest to note 
that 


KXinlochleven, 


the direct-current generators at 
the 


Company more than 20 years ago, are 


manufactured — by 
to-day as satisfactory in operation as 
when they were first installed. 


In a short article at the end of the 
Journal reference is made to some electric 
locomotives for industrial purposes that 
have recently been manufactured by the 
Company. Industrial concernsare realis- 
ing more and more the advantages of 
these locomotives and the economies that 
result from their introduction. 


laced an order for 24 of these units, together 
with control equipments for 12 cars. 


The Calcutta Tramways Company has ordered 
a number of articulated units specially designed 
to meet the local traffic conditions. 


A contract has just been received from the 
Leyton Borough Council for 50 double-deck 
tramcar bodies of the most modern type, similar 
in design to the 50 bodies which the Company 
has recently completed for the London County 
Council. 


The total value of the above-mentioned orders 
exceeds £160,000. 
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New Steam Turbine Plant at West Ham 


& Bradtord. 


Fig. 1.—Three-cylinder ** English Electric” 


The West Ham Corporation and the Bradford 
Corporation have recently increased the capacity 
of their power stations by the installation of a 
30,000-kW. ‘‘ English Electric’ steam turbine, 
and these units were the largest machines of their 
type and running at 3,000 r.p.m. to be put into 
service in Great Britain. The unit at Bradford was 
formally started up by H.R.H. Princess Mary on 
September 18th last ; the West Ham set, which 
has been in successful operation for several 
months, was formally started on November 7th 
by Mr. Morrison, Minister of Transport. 

The turbines are generally of similar design, 
with such slight modifications as were necessitated 
by the operating conditions. They are of the 
multi-cylinder type which the Company has made 
familiar to power station engineers, and each 
comprises a high-pressure impulse cylinder and 
two low-pressure reaction cylinders in one line. 
The advantages of this design may be summarised 
as a combination of high steam economy with 
sound mechanical design and low stresses. 


Turbine Driving 30,000 kW., 3,000 r.p.m. Alternator at Bradford. 


As installed at Bradford the new plant forms 
part of an important extension to the Valley Road 
power station, which, when completed, will carry 
into effect a scheme evolved by Mr. Thomas 
Roles, M.I.E.E., the chief electrical engineer, for 
compounding the station. The 1,100 Ibs.-per- 
square-inch boiler and the 2,500-kW.  high- 
pressure turbo-alternator set built by the Com- 
pany, which will constitute the high-pressure 
section, will be put into service in the near 
future. The 30,000 kW. turbine operates with 
steam at a pressure of 190 lbs. per square inch, 
and a total temperature of 754°F. and exhausts 
into a single-shell ‘‘ English Electric ’’ condenser 
which maintains a vacuum of 283 in. Hg (bar. 
30 in.) ;a view of this machine is shown in Fig. 1. 

For the purpose of this article a detailed descrip- 
tion will be given of the West Ham turbine, which 
is directly coupled to a two-phase 6,000/7,000-volt 
alternator also manufactured by the English 
Electric Company. The steam conditions in this 
case are 200 lbs. per square inch, and 700°F. total 
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temperature, and as at Bradford, the condenser 
is of the Company’s latest single-shell design. 
Steam enters the high-pressure cylinder by 
way of a separator, a main stop-valve and twin 
throttle valves and passes from this cylinder to 
the first low-pressure cylinder through two over- 
head pipes, and to the second low-pressure 
cylinder through similar pipes underneath the 
turbine floor. From the sectional arrangement 
in Fig. 3 it will be seen that in the two low- 
pressure cylinders the steam flows from the outer 
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ensures a high degree of security while permitting 
expansion. The blades are machined from solid 
steel bar and formed with self-contained distance 
pieces, and roots of T section which fit into 
corresponding grooves in the rotor periphery. 
Tangs are formed at the outer end of each blade 
for the attachment of a shrouding strip which is 
secured by riveting the tangs; the shrouding is 
not continuous but is fitted in sections in order 
to permit expansion. 

Cast steel is used for all parts of the high- 


Fig. 2.—30,000-kW., 3,000 r.p.m. Turbo-alternator Set at West Ham. 


ends towards the centre where a single exhaust 
opening communicates with the condenser. It 
follows that the two rotors are balanced axially 
in respect of the steam flow. 

All the cylinders are bolted together to form 
one complete unit, but the assembly is anchored 
rigidly to the foundations only at a point near the 
centre, thus allowing freedom for expansion in 
any direction from that point, while alignment is 
preserved by co-axial keys on which the outer 
supporting feet can slide. 

The high-pressure rotor carries twelve single- 
row impulse stages, the discs of which are mounted 
on the shaft by a special form of ring fixing that 


pressure casing that are subjected to steam of high 
pressure and temperature. The nozzle plate and 
the following eight diaphragms are of steel of the 
built-up type, while the last three diaphragms are 
cast-iron with division plates cast in. 

The two low-pressure rotors are separate units 
running in their own bearings. Each has ten 
rows of reaction blading mounted on dises which 
are shrunk on the shaft and finally turned up to 
give the finish of a solid unit. The discs have been 
designed with special care directed to securing 
low stresses at every section. The reaction type 
blading has serrated root fixing except on the last 
two discs where a special form of T root is adopted 
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in order to keep the stresses within the desired 
limits. These two rows of blading, the longer of 
which is 16 in., are of special shape, calculated to 
secure high efficiency and maximum strength. 
The high-pressure rotor is carried in two bear- 
ings, and a flexible coupling is fitted between it 
and the first low-pressure rotor. The position of 
the high-pressure rotor is fixed by means of a 
Michell thrust block at the steam inlet end, but 
gear is provided for adjusting the position of the 
thrust block itself in an axial direction. By means 
of this adjusting gear, which is operated from 
outside the pedestal, the clearance between the 
blade shrouding and the diaphragms can be set 


is made to ensure their correct position, and to 
receive any slight thrust. This takes the form 
of a double Michell thrust bearing, one at each 
end of the solid coupling uniting the two low- 
pressure rotors ; the end of each coupling sleeve 
is ground to a bearing face which runs in contact 
with the Michell pads. The coupling flanges with 
their bolt heads and nuts are enclosed by a fixed 
oil and windage casing. The two bearings on 
either side of this coupling, together with the 
coupling and guard, are housed in a cast-iron 
cradle which fits into the lower half of the pedestal 
which supports both of the bearings on the lower 
portion of the exhaust chambers. 


Fig. 3.—Sectional arrangement of 30,000-kW., 3,000 r.p.m. Turbine. 


to any predetermined figure, an indicator being 
provided which shows the amount of clearance in 
thousandths of an inch. For dismantling pur- 
poses the adjusting gear can be slacked back, 
giving large clearances and so preventing damage 
to the shrouding when lifting the top half of the 
casing. 

The coupling between the h.p. rotor and the 
first low-pressure rotor is of the tooth type. A 
half sleeve with internal teeth is bolted to the 
flanged end of the low-pressure rotor and engages 
with a toothed attachment on the high-pressure 
rotor shaft. 

Although the two low-pressure rotors are self- 
balancing axially, as already described, provision 


Between the second low-pressure turbine and 
the alternator, there is a flexible coupling similar 
to that between the high-pressure and first low- 
pressure rotors. The pedestal containing this 
coupling, together with the end bearing of the 
low-pressure rotor and the first bearing of the 
alternator, is mounted on the alternator bedplate. 

All the steam glands are of the carbon ring 
type, with the exception of that at the steam inlet 
end of the high-pressure rotor, where a labyrinth 
gland is employed. 

On plant of this description a thoroughly 
reliable oil supply is essential. This is provided 
by a main oil pump of the gear type driven from 
the steam end of the high-pressure rotor through 
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worm gearing, and an auxiliary 
pump of the centrifugal vertical- 
spindle type driven by a small 
steam turbine. The latter is 
brought into action automatically 
by an oil relay when the oil pres- 
sure falls below a certain value. 

From the boiler house to the 
turbine are two 14 in. diameter 
pipes, each fitted with an isolating 
valve. Steam passes from these to 
a single separator and thence by 
separate 14 in. pipes to the two 
steam chests on each side of the 
turbine ; both of these pipes are 
controlled by the main stop valve 
that is mounted on top of the 
separator. The throttle valves 
are actuated in the usual way 
through oil relays controlled from 
the governor and pilot valve, but 
the twothrottles are mechanically 
interlinked. ‘ 

An emergency governor of the out-of-balance 
ring type is mounted on the turbine shaft. If 
this comes into action due to overspeed, or if the 
oil pressure fails, the throttle valves and main 
stop valve are closed automatically. 

The single-shell condenser is one of the largest 
installed in this country, and contains special 
patented features ; the division between the two 
water flows is vertical and steam enters both flows 
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Fig. 4.—Stator of 30,000-kW., 3,000 r.p.m., two-phase Alternator for 


West Ham under Construction. 


simultaneously. It operates in conjunction with 
cooling towers and maintains a vacuum of 28.3in. 
Hg. (bar. 30 in.) when supplied with cooling water 
at 75° F. The overall dimensions are approxi- 
mately 14 ft. diameter by 22 ft. 6 in. long. 

Duplicate two-stage extractors are installed, 
each capable of the full duty, and the condensate 
is withdrawn by a vertical spindle pump which is 
also of the two-stage type and duplicated. 

A simple feed system has been adopted em- 


Fig. 5.—Rotor of 30,000-kW., 3,000 r.p.m, Alternator. 
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bodying two-stage bleeding, and 
a drip cooler, and the final feed 
temperature is 214° F. 

The feed heaters are similar to 
the English Electric” heaters 
installed in many stations, dan 
with the exception of the drip 
cooler are of the vertical type. 
Independent triple-effect evapor- 
ators are installed, in duplicate, 
and there are one motor-driven 
and two steam-driven feed pumps 
connected to ring suction and 
delivery mains. 

The alternator of the West 
Ham set has a maximum con- 
tinuous rating of 37,500 kVA. at 
0.8 power factor, and is wound 
to generate 50-cycle, two-phase 
current at any pressure between 
6,000 and 7,000 volts. It is 
ventilated on the closed-circuit 
system by means of a motor- 
driven fan and an air cooler, 
and the arrangement of the 
air passages on the miultiple-inlet principle 
ensures a high degree of uniformity in the temper- 
ature of all parts. 

All details of the mechanical and electrical 
design follow the usual practice of the Company, 
based on their long experience in building 
machines of this class. Special mention may be 
made of the construction of the rotor end wind- 
ings. The end of each coil is completely insulated 
to withstand the test pressure of 3,500 volts to 
earth, and a sheath of thin sheet metal is then 
applied. In assembling the windings, metal 
packing pieces are inserted between the individual 
end coils so that the whole becomes a practically 
solid mass. The end bells are then shrunk on and 
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Fig. 6.—The single-shell Condenser for the 30,000 kW. Turbo-alternator Set 


at West Ham. 


the rotor completed in the usual way. The exciter 
is driven directly from the alternator through a 
flexible coupling. 

The new plant at Bradford has been construct- 
ed to the specification and under the supervision 
of Mr. Thomas Roles, M.I.E.E., the Chief Electri- 
cal Engineer of that city. The contract for the 
West Ham unit was undertaken in accordance 
with the requirements of Mr. F.W.Purse, M.1.E.E., 
formerly Engineer and Manager of the Electricity 
Department, and now Chief Electrical Engineer 
of the London and Home Counties Joint Electri- 
city Authority ; the installation was completed 
and set to work under the supervision of his 


successor, Mr. J. W. J. Townley, A.M.LE.E. 
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The Hydro-Electric Power Plants of Scotland. 


Lochaber—- Kinlochleven—Loch Rannoch—Bonnington—Stonebyres. 


THE ENGLISH ELECTRIC JOURNAL 


(The descriptions of these plants are published by kind permission of the several companies from 
whom the contracts were received ; grateful acknowledgment is made to the British Aluminium Company, 


and especially to Mr. W. Murray Morrison, Director and General Manager; to Messrs. Balfour, 
Beatty and Company ; and to the Lanarkshire Hydro-electric Power Company.) 


The whole of the modern water-turbines of 
large output that have been installed in Scotland 
since the War have been manufactured by this 
Company; these plants have an aggregate 
capacity of 114,000 h.p. In addition, the Company 
has reconstructed older turbines at the Kinloch- 
leven station to give a total output of 29,000 h.p. 
All the electric generators for these plants, with 
the exception of those for Loch Rannoch, are also 
of ** English Electric ’’ manufacture. This article 
describes the plant recently installed at Lochaber 
and Loch Rannoch, and the reconstruc- 


derived from Loch Laggan and Loch Treig, and 
numerous streams in a catchment area of 303 
square miles, and is conveyed through a lined 
tunnel 15 miles long and 15 feet in diameter. 

The civil engineering works have already been 
described elsewhere*, and it is proposed in this 
article to give some account of the five 10,000 
h.p. main generating units, which, together with 
the control gear, were constructed and erected 
by the English Electric Company. 

The high standard of reliability demanded in 


tion work at Kinlochleven, and to com- 
plete the survey reference is made also 
to the two stations on the Falls of the 
Clyde, full particulars of which have 
already been published. 


The Lochaber Power Station of the 
North British Aluminium Company. 
The first section of the Lochaber Power 

Plant of the North British Aluminium 

Company was put into operation in Dec- 

ember, 1929, and a visit of inspection was 

made by H.R.H. the Duke of York, in 

July, 1930. It constitutes the largest 

hydro-electric undertaking in Great Brit- 

ain. The successful completion of this 
important industrial enterprise reflects 
great credit upon the British Aluminium 

Company and its subsidiary company. 

Some indication of the care and attention 

to detail that have been given to every 

part of the work is afforded by the spac- 
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ious lay-out and handsome finish of the 


power house, a good general view of 


-————— The Hydro-Electric Power Stations of Scotland. 
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which is reproduced as the frontispiece. 


It may be recalled that the water is 


Fig. 1. 


* A Paper read before the Institution of Civil Engineers on November 18th, 1930, by W. T. Halcrow, Member. Also 
“The Engineer.” Vol, 149, Nos. 3876,7¢& 8. 
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Fig. 2. Lochaber Power House. On the left are seen the supply pipes, the tail-race, and the ventilating air inlets. 


this plant may be judged from the fact that it 
has to be capable of running continuously for at 
least eleven out of twelve months at maximum 
load without the necessity of closing down for 
cleaning, oiling, or renewal of brushes. 

Water is conducted to the power house by two 
pipe-lines, each 65 ins. in diameter where they 
enter the distribution system, and is finally con- 
veyed to the turbines through five 42-in. flanged 
pipes. The branch system is so arranged that 
each pipeline permanently serves two turbines, 
and the fifth turbine can be fed from either pipe- 
line by opening and closing auxiliary valves. 

The supply to each turbine is controlled by an 
* English Electric ’’ Cylindrical Balanced Stream- 
line Valve having an entrance diameter of 42 in. 
and an exit diameter of 36 in. These valves 
possess the special feature of closure at a dimin- 
ishing rate, which enables them to be closed under 
any emergency conditions with complete safety 
to the pipelines. The main and inner bodies of 
the valve together with the valve piston are made 
of cast steel and a dismantling ring of the same 
material is provided for easy removal and in- 


spection of the valve. The valves are arranged 
for operation by water pressure, but provision is 
made for electric control if this is required at a 
later date. All sliding surfaces in contact with 
the water are protected against rust by a coating 
of nickel. The five main valves are shown in 
Fig. 3. 

The five main turbines are each designed for a 
maximum output of 9,600 h.p. under the 
minimum nett head of 650 ft. at a minimum speed 
of 237 r.p.m. They run at a speed of 250 
r.p.m. under the normal nett head of 720 ft., 
and at 267 r.p.m. under a nett head of 800 ft. 
Figs. 5 & 6 show the details of one of the 
turbines, and Fig. 4 shows one of the runners. 
The runner carries 22 steel buckets attached 
to a cast steel dise by the ‘‘ English Electric ” 
patented one-bolt fastening which comprises 
a tapered forged steel bolt and a split bush, 
the inside of which is tapered and the outside 
cylindrical. The dise is attached to the shaft by 
means of a flange coupling ; this design allows of 
easy dismantling since the disc can be arranged 
with clearance fit instead of with interference fit. 
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The runner is fed by two 
jets, each 8} in. diameter 
and spaced at an angle 
of 60 degrees, 
calculation having shown 
that a single-jet turbine 
would not be so econom- 
ical and efficient owing to 
the large diameter jet 
that would be necessary, 
and the relatively high 
specific’ speed. The bear- 
ings are of the standard 
self-aligning type design- 
ed for automatic lubrica- 
tion by oil rings, and, in 
addition, separate forced 
lubrication is provided by means of a small 


careful 


pumping set driven by an impulse turbine. The 
same pumping set provides oil under pressure for 
the governor. 

The turbine housing consists of a bedframe in 
five parts, a cast-iron cover, and a pit armouring 
of sheet steel: great care has been taken to obtain 
a strong anchorage, the bedframe being extended 
well below the floor. For rigidity of the whole 
unit the turbine and generator bedframes are 
securely bolted together, thus forming one solid 


‘ 


z 


Impulse Runner and Shaft for 10,000 H.P. Turbine. — a 
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Fig. 3. The five Cylindrical Balanced Valves of 42”/36” diameter. 


block. Cast-iron was selected for the turbine 
cover since it ensures great stiffness and strength 
and is best adapted for use with a two-jet design. 

The turbine spears and nozzles are carried by 
the inlet bends and the nozzles are fitted with 
renewable bronze mouthpieces. The servo-motor 
which controls the two spears is attached to the 
upper inlet bend, and is thus easily accessible for 
supervision and dismantling. 

The governor is of the Company’s standard oil- 
pressure type, and the actuator is directly driven 
from the main shaft through 
gearing. Governing is effected 
by deflectors since the particular 
duty for which the units are 
required does not call for the 
close regulation given by the 
Seewer diffuser, which is so 
essential for a normal hydro- 
electric plant. 

In order to fulfil the special 
requirements the governor is 
arranged to come into operation 
only when the variation in load 
causes the speed to alter by 10 
per cent. above or below the 
efficient speed for the available 
head, for which head the position 
of the spears has been set by 
hand. When the speed reaches 
value 10 per cent. above 
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View of Turbine showing 


Fig. 5. 


Fig. 6. This view shows the Turbine-driven Oil Pump and the Braking Nozzle. 
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Fig. 7. 
10,000 H.P. 
Impulse Turbine 
erected at 
Rugby Works. 


Vig. 
Armature of one 
of the Twin 
10,000-ampere 
300-volt 


Generators, 
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normal, the deflectors close and prevent the jets 
from striking the buckets, this condition remaining 
as long as the speed rise exceeds 10 per cent. 
The spears automatically follow the deflectors by 
closing with a slow movement which avoids 
undue pressure rise in the pipeline. When the 
speed rise falls below 10 per cent., the governor 
causes the deflectors to open and this is followed 
by the automatic opening of the spears. 

On the other hand, when the speed drops 10 
per cent. below normal, signifying that more 
water must be admitted to the turbine, the 
governor by closing electrical contacts causes 
an alarm to be sounded, and the attendant then 
opens the spears, thus raising the speed to the 
value necessary for the best efficiency. 

The oil pump is made in two parts, one for 
bearing lubrication, and the other for supplying 
oil-pressure for the governors, and this arrange- 
ment is very convenient as the same oil is used 
for both purposes, and the same prime mover 
deals with the whole oil service of the set. In 
order to secure the utmost reliability the oil 
systems are interconnected so that any unit can 
be supplied with oil from the adjacent unit. An 
oil-pressure alarm device is provided to give 
warning when the oil pressure falls below 150 Ibs. 
per sq. in, 
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To bring the set to a standstill as quickly as 
possible when it is shut down and thus prevent 
crawling, which is harmful to the bearings, each 
turbine is fitted with a braking nozzle controlled 
by astop valve. This is connected to the pressure 
supply and causes a jet of water to impinge on 
the back of the buckets, thus bringing the rotating 
parts quickly to rest. 

Each turbine drives a pair of direct-current 
generators each of which has a_ continuous 
maximum rating of 3,400 kW. at any speed from 
237 to 267 r.p.m., the speed being varied from 
time to time to suit the available pressure of 
water. Fig. 9 shows one pair of generators with 
their exciter. The normal current output of each 
machine is 10,000 amperes at any voltage from 
150 to 340, the normal voltage being 300. They 
are 24-pole machines with commutation poles, 
and are not compensated. The air gap under the 
main poles is graded from a minimum near the 
entering pole tip to a maximum at the leaving 
tip: the effect of this is practically to eliminate 
field distortion in the region of full load with a 
consequent large reduction in stray load losses. 
A fan runner is fitted at the back end of each 
armature, which is enclosed by means of an 
end-bell and cowl, the latter extending down to 
an air duct in the foundations. This air duct is 


Fig. 9. A pair of 10,000-ampere, 300-volt Generators and Exciter. Se 
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carried to the outside of the station where a 
weatherproof air inlet is provided for each unit. 

The machines have to run safely at the run- 
away speed of the turbines, i.e. at 86 per cent. 
above the maximum normal speed of 267 r.p.m. 
This rendered it impracticable to employ com- 
mutators with the bars in one piece, as the 
centrifugal stresses in the long bars on overspeed 
would have been excessive. Additional factors 
ruling out that design were the large wearing 
depth and low brush density required. Therefore 
the machines were built with two-part commu- 
tators, the segments in each half being carried 


between “V” rings forged from high-grade 
steel. The two sections are carried on a common 


cast steel hub mounted on an extension of the 
armature spider, to which it is keyed and bolted. 
Corresponding bars of the two sections are con- 
nected by copper strips arranged to form a fan 
which draws cooling air between the sections. 
The commutator construction is of the non-arch- 
bound type developed and perfected by the 
Company. 

The brush arms are in the form of stiff girders 
arranged between the two cast-iron end-rings in 
a cagelike formation around each commutator. 
An insulated ladder fixed to the bedplate passes 
over the commutator and the brushgear of each 
machine, so that brushes can be replaced and 
adjustments made while running on load, the 
brushgear being arranged to facilitate this 
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Fig. 10. The Aluminium Busbars are housed in a 
special corridor, 

without danger to the operator or the machine. 
These ladders have a removable section at each 
side which can be lowered into the pit under the 
commutator to give access to the lower brush 
arms. 

The armature core laminations are carried on 
a cast-steel spider, and clamped between cast- 
steel end-plates. All armatures are interchange- 
able both mechanically 
and electrically, the 
shafts being identical 
and designed to transmit 
the full h.p. of the tur- 
bine (i.e. twice the h.p. 
input to each generator 
of a pair). Any armature 
can be run in any field 
system without alter- 
ation of the brush set- 
ting. The generator 
bearings are of generous 
size and are provided 
with flood lubrication at 
low pressure ; oil rings 


Fig. 11. Alummium-fronted main switchboard and, beyond, the busbar corridor and gallery. @T€ fitted in addition to 
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the machines to continue 
emergency without flood lubricxtion. 
ings are spherically seated. 


enable running in 


The bear- 


Each generator is protected by an overload 


and reverse-power relay and an_ over-voltage 


relay. When a relay operates it de-energises the 
field circuits of the exciter and of all the 


Failure of the 
oil pressure or an abnormal fall in speed on any 
unit is netified by means of a lamp and an alarm 
device. 


generators of the group affected. 


In addition to the direct-current control gear 
for the main sets the Company has alsu supplied 
low-tension A.C. switchgear, which can be seen 
on the right of Fig. 11, for controlling the small 
station auxiliary sets which supply power for 
the crane motors, the lighting, etc. A striking 
feature of the switchgear is that all the panels 
are of polished aluminium. 
are of 
aluminium, as also are the main current con- 
ductors shown in Fig. 10. A total of approx- 
imately 300 tons of aluminium bar is employed 


The busbars behind the switchboard 


for this purpose. 

Aluminium is used largely throughout the 
whole installation for a number of novel applica- 
tions. The handrails are of aluminium, the ex- 
panded metal enclosing the busbar chambers and 
also many small details of the machines them- 
selves. Aluminium paint is used for the roof 
trusses, and crane girders, and with the black 
painted uprights, walls, and black and 
white floor tiles, forms an artistic and pleasing 
colour scheme. 


cream 


The power generated is, of course, used princi- 
pally for the manufacture of aluminium, but some 
proportion is employed for lighting and power in 
the factories and in the village which has been 
built for the workers, and for operating wharf 
The distribution 
is by aluminium overhead lines. 


cranes and similar machinery. 


The whole plant was erected expeditiously, and 
was put straight into commercial service with 
very little preliminary adjustment. The sets 
run very smoothly and silently and as will be 
seen from the illustrations they present a fine 
appearance. 


Fig. 12. An Aluminium ** Lead” and entrance to 


busbar corridor and gallery. 


Reconstruction of the Impulse Water Turbines 
at Kinlochleven. 


The English Electric Company has been 
closely associated for many years with the 
generating plant at the British Aluminium Com- 
pany’s Works at Kinlochleven. 

In 1906 ten units were built, each consisting 
of two 1,000-kW. generators in tandem, making 
twenty machines in all, each machine giving a 
normal current of 4,000 amps. at 250 volts, the 
speed being 300 r.p.m. In the same year two 
500-kW. direct-current generators were supplied, 
each giving a normal current of 2,000 amps. at 
250 volts and running at a speed of 400 r.p.m. ; 
coupled in tandem to each of these machines 
was a 75 kW. generator to give a 500/550 volt 
supply for traction purposes. In 1915 a further 
for another 2,000-kW. 
tandem unit. All these machines have run con- 


order was completed 


tinuously and satisfactorily during their long 
periods of service, and it was not until a few 
years ago that it was found necessary to equip 
some of the older generators with new commu- 
tators, which should give them a further long 
lease of life. 

The ten tandem units ordered in 1906 were 
driven by turbines manufactured by Messrs. 
Escher Wyss & Co. but when in 1926 the British 
Aluminium Company decided to secure higher 


97 
Ad 3 
A ~~ | 
Will 
WT 
| 
\ 
* i 
Y 
WA 
" 


98 


THE ENGLISH ELECTRIC JOURNAL 


efficiency by reconstructing one of these turbines 
on modern lines, the work was entrusted to The 
English Electric Company. The most important 
features of the reconstruction were the substitu- 
tion of one jet for the two jets which actuated 
the original runner, and the supply of a completely 
new runner having 24 buckets instead of 22 
buckets, the new buckets also being of consider- 
ably larger size. The single jet still allowed of a 
favourable ratio between the pitch circle diameter 
of the runner and the jet diameter, and the 
efficiency was increased by the use of one large 
compact jet instead of the two small jets of the 
original design. 

The design of the new buckets was carefully 
studied in order to secure the best water flow for 
the different relative positions of the bucket and 
the jet and, in order to reduce friction losses 
the inside surfaces of the buckets were ground 
and polished and the centre edge or “ splitter ” 
was milled sharp to create a favourable angle for 
the diversion of the water. Fig. 15 shows a 
runner mounted at, Preston Works for balancing 
and overspeed testing. 

It was found possible to utilise the existing 
shaft, and the new runner disc was pressed on to 
it ; the buckets are attached to the rim by means 
of the “English Electric’ patented one-bolt 


Fig. 14. 


ig. 13. Interior of Kinlochleven Power Station showing 
the reconstructed turbines, 
fastening. A single inlet bend of large radius 


was fitted instead of the two existing bends 
necessitated by the two-jet design, and this led 
to a marked reduction 
in friction losses. Other 
new parts included a cast- 
steel spear with special 
bronze head, and nozzle 
mouthpiece of the same 
material, the shape of 
these parts being such as 
to obtain a smooth flow 
and so eliminate erosion. 

A new cast-iron spear 
servo-motor was also 
supplied, and certain new 
bends and link-work, but 


the existing turbine 
casing, governor, relief 
valve, and_ bedframe 


(except for a new front 
section) were all retained. 
The reconstruction was 


Kinlochleven Power House. 
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Fig. 15. 
A new Impulse 
Runner for Kin- 
lochleven on the 
Balancing 


Machine. 


Fig. 16. 
One of the recon- 
structed 3000 H.P. 
Turbines at 
Kinlochleven. 
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thus designed on the most 
economical lines consist- = 


ent with obtaining the 


© 
Ss 


AFTER RECONSTRUCTION 


best possible increase in 


efficiency. In the view 
of one set shown in Fig. 


16, certain of the new 


parts can be distinguish- 
ed by their lighter colour. 


BEFORE RECONSTRUCTION 


On completion, the 


turbine was thoroughly 
tested for efficiency by 


9 


EFFICIENCY OF TURBINE 


the Pitometer method, a 


test by the same method 


having been taken on 355 
the turbine before recon- TURB 
struction. The load was Fig. 17. 
obtained by means of a 
water resistance, and the same instruments were 
used in both tests. 

The full load efficiency before reconstruction 
was found to be 73.4 per cent. 

The guarantees given for the turbine after 
reconstruction were :— 


Maximum load (3,200 h.p.) 85% 
Full », (2,900 h.p.) 86°, 
85.5% 
82%, 


The full-load efficiency obtained was 89.5 per 
cent., representing a gain of 16.1 points by the 
reconstruction, equivalent to a gain in power of 
21.9 per cent. without any increase in water 
consumption. 

The efficiency curves before and after recon- 
struction are shown in Fig. 17. 

At the end of 1928 it was decided to reconstruct 
a further eight turbines on the same lines as the 
first reconstruction described above, except for a 
few minor modifications, and the work was again 
entrusted to this Company. It was decided to 
make the entire nozzle in bronze instead of the 
mouthpiece only, and the needle tip in stainless 
steel instead of bronze. Bronze liners were also 
provided for the spear servo-motor. 

In other respects the work was _ practically 
identical with that carried out on the first set. 
The whole of the work on the eight turbines 
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Efficiency Curves of Kinlochleven Turbines. 


was recently completed and a view of the 
Power Station showing the reconstructed tur- 
bines and the original generators is reproduced 
in Fig. 13. 


The Grampian Hydro-Electric Scheme. 


The completion of the first stage of the Gram- 
pian Hydro-electric scheme will be marked by the 
putting into commission of a power station on the 
shore of Loch Rannoch. This station has been 
constructed to contain two 22,000 h.p. generating 
sets, with provision for a third set later. It 
utilises the water stored in Loch Ericht and the 
difference in level between Loch Ericht and Loch 
Rannoch, the net head available for the turbines 
varying between 396 and 515 feet. The turbines 
are of the vertical reaction type; they run at 
500 r.p.m. and give their full-load output of 
22,000 h.p. under a net head of 515 feet. In order 
to allow for the varying head the efficiency curve 
from 50 per cent. to 100 per cent. of full load is 
very flat, the peak value corresponding to 80 per 
cent. of full load under a head of 465 feet. Definite 
efficiencies have been guaranteed on a penalty 
and bonus basis. 

Fig. 18 shows the general arrangement of the 
plant in the station. It will be seem that a two- 
floor type of construction has been adopted with 
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the turbines located on the lower floor and the 
generators and the turbine governing apparatus 
on the upper floor. As the vertical type of set 
employed is exceedingly compact, the ground area 
covered by the power station is quite small in 
relation to the total generating capacity. 

Fig 19 shows the two turbines partly assem- 
bled during manufacture at Preston Works ; the 
spirals are of cast steel and are heavily stayed. 
As indicated in Fig. 19, the gate apparatus 
mounted on the spirals is arranged with particular 
regard to accessibility, the design allowing the 
individual guide vanes to be lubricated and 
adjusted from outside while the turbine is in 
service. The vanes are protected against obstruc- 
tions in the usual way by carefully designed 
breaking links. The relief valve, which is of the 
“E cylindrical balanced type, 


English Electric ’ 
forms a direct prolongation of the spiral casing : 
the connecting rods between the gate apparatus, 
the relief valve mechanism, and the governor 
servo-motor are of exceptionally heavy construe- 
tion to ensure the complete absence of “ lost 
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motion.” An 11 in. solid way-shaft transmits 
the motion of the governor servo-motor from 
the upper to the lower floor. 

Special alloy bronze has been used for the 
runners, and it is anticipated that they will give 
continuous service for many years. They are 
perfectly balanced and before leaving the Works 
were tested to the maximum overspeed of 975 
r.p.m., or nearly double the normal running 
speed. Provision is made on the turbines for 
the easy dismantling of the upper part of the 
draught tube in order to allow the runner to be 
taken out on a truck which runs on rails to a 
point directly under an opening in the upper floor. 
The runner can then be lifted through the opening 
by means of the station crane. The runner is 
coupled by a short, stiff turbine shaft to the 
generator shaft above, both shafts having been 
carefully fitted together at the generator manu- 
facturer’s works before despatch to site. 

The whole weight of the rotating parts of the 
turbine, as well as the downward component of 
the hydraulic thrust, is taken by the generator 
thrust bearing. A single turbine guide 
bearing is provided, however, this being 
of the usual white-metal lined, oil-lubri- 


cated, water-cooled type protected by ¢ 
thermostat which forms part of the 


station automatic system. The oil supply 
is furnished either by hand pump, gear- 
driven pump or motor-driven pump. The 
hand pump is used for starting up and 
normally the gear-driven pump is used 
when running, the motor-driven pump 
serving as a standby. 

The  super-sensitive automatic  oil- 
pressure governor is of the 
most modern “ English 
Electric” type. This 
governor is fully stan- 


dardised, the individual 


parts being built to jig 
within fine limits of ac- 
curacy, and held in stock. 
Working in conjunction 
with the cylindrical 
balanced relief valve, it 
gives exceedingly close 


Fig. 18.—General arrangement of Power Station at Loch Rannoch, 
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speed regulation and ensures that the pressure 
rise in the pipeline is limited to a maximum of 10 
per cent. under all conditions of reduction of load 
on the generator. The governor is actuated en- 
tirely by oil pressure obtained from a receiver 
that is fed by a motor-driven pump. If the oil 
pressure were to fail the governor would auto- 
matically close down the set. Similar automatic 
devices are installed to ensure shutting down on 
the occurrence of over-speed, or underspeed, or 
on failure of the governor belt drive. 


Local 


Fig. 19.—Spiral Casings of two 22,000 H.P. Reaction Turbines for Loch Rannoch. 


control of the governor can be effected manually 
and remote control by means of push-buttons on 
the main switch board. The latter provision 
greatly simplifies carrying out the operations of 
synchronising and load adjustment. 

The turbines were built to the order of Messrs. 
Balfour, Beatty & Co., Ltd., who were respon- 
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sible for the construction of the Rannoch Station 
and the large civil engineering works which the 
scheme has entailed. 


The Lanarkshire Hydro-Electric Power 


Scheme. 


This scheme was fully described in the technical 
press towards the end of 1927, but in view of its 
importance and its continued success in operation 
it will be of intcrest to recall its main features. 
The project was first referred 
to in the report issued by the 
Water Power Resources Com- 
mittee in 1921; work was 
commenced in 1924 under the 
authority of the Lanarkshire 
Hydro-electric Power Act. 
The contract for the civil 
engineering works was placed 
with Sir William Arrol & Co., 
and that for the whole of the 
generating plant, switchgear 
and transformers with the 
English Electric Company, 
who acted generally as hy- 
draulic engineering advisers. 

Although a scheme of this 
character had not been ex- 
ecuted before in this country, 
and in spite of the serious 
delays caused by the coal strike 
of 1926, the work proceeded 
without serious incident and 
the stations were started up in 
1927; up to the present date 
they have generated consider- 
ably more than 200,000,000 
units. As an example of an 
all-British Hydro-electric un- 
dertaking, the works created 
great interest, and in 1928 the 
Institution of Electrical Engineers made a visit 
to them a special feature of their Annual Summer 
Meeting in Scotland. 

The scheme utilises the three Falls of Clyde, 
namely, Bonnington, Corra Linn and Stonebyres, 
and power is generated at two stations only a short 
distance apart at Bonnington and Stonebyres, 
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which are connected in parallel with the steam 
stations of the Clyde Valley Electric Power 
Company. Normally, the plant runs continuously 
at maximum load, utilising all the water available, 
and in this way reduces the demand on the steam 
stations with considerable resultant economy. 
Bonnington and Stonebyres derive their power 
from net catchment areas of 331 and 385 square 
miles respectively, the average rainfall over both 
areas being 43 inches per annum. Automatic 
tilting weirs are provided at both intakes, and 
these weirs maintain, within specified limits, a 
From the intakes the water 
is conducted to the forebays through tunnels, 
10 ft. diameter for Bonnington and 11 ft. for 


constant water level. 
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each set is 2,840 kW. 
stations is practically 


The lay-out of the two 
identical, and is of the 
one-floor type, which is strongly advocated by 
this Company for vertical units, in preference to 
the two or three-floor arrangement, on account 
of the great accessibility of all parts. From the 
general view of Bonnington Power Station in 
Fig. 20 it will be seen that the design has archi- 
tectural merit and that the beauty of the land- 
scape has been largely preserved. A view inside 
this station is shown in Fig. 21. 

The 
concrete pedestals built round heavy cast-iron 
tapered frames, the lower parts of which are bolted 
to the turbine speed rings. 


generators are supported by reinforced- 


The spiral casings are 


Fig. 20.- 


Stonebyres, which cverminate in surge tanks. 
From the latter two 6 ft. 6 in. diameter pipelines 
lead to the power houses, each pipeline serving 
one generating unit. The two Bonnington pipe- 
lines, 800 ft. in length, terminate in streamline 
cylindrical balanced valves of ‘* English Electric ’ 
patented design. At Stonebyres the arrangement 
is similar except that owing to the shortness of 
the pipeline (only 115 ft.) cylindrical balanced 
main valves are unnecessary. 
Kach station contains vertical 


power two 


reaction water turbine alternator sets constructed 
to run at 375 r.p.m. and to give a three-phase, 
11,000-volt, 25-cyele supply. 
nington operate under a gross head of 189 ft. and 
have an output of 4,920 kW. each, while at Stone- 
ft., and the output of 


The units at Bon- 


byres the gross head is 97.5 


Bonnington Hydro-Electric Station on Falls 


of Clyde. 


of welded steel boiler plate, made in halves and 
finally welded together at site. The gate appa- 

ratus, consisting of cast-steel guide vanes con- 
nected by levers and links to a regulating ring, is 
controlled by a servo-motor and standard oil- 
pressure governor. The runners are constructed of 
steel plate vanes cast into a steel crown and a rim, 
and are bolted to flanges at the end of the 
turbine shafts. 

At Bonnington, 


pipeline, automatic relief valves of the cylindrical 


owing to the length of the 


balanced type are provided, which discharge the 
water in the form of a hollow cone, causing it 
rapidly to lose its kinetic energy and to fall into 
the tailrace as a fine spray. 

The generators are provided with thrust and 
guide bearings; the former is carried on the 
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bracket secured to the frame, and is surrounded 
by an oil bath and is water-cooled. 
are made in halves to facilitate transport, and 
the rotors consist of cast-steel bodies, shrunk on 
the shafts, with dovetail grooves for carrying 
laminated steel poles. All the rotating parts are 
designed to withstand 90 per cent. overspeed. 

The 11,000-volt switchgear also is of ‘‘ English 
Electric’ manufacture and includes oil circuit- 
breakers with a rupturing capacity of 250,000 kVA. 


The stators 


Fig. 21. 7 
enclosed in moulded stone cellwork. The power 
is transmitted at 11,000 volts, and the drop in 
the transmission line voltage is compensated for 
by the provision of oil-insulated 
booster transformers. 

Conversion to 50 Cycles. As mentioned above, 
the alternators were designed for a frequency of 
25 cycles. When it was decided to convert the 
Clyde Valley Power Company’s supply to 50 
cycles in accordance with the national policy of 
standardisation, it became necessary to recon- 
struct for this frequency. As a first step the 


self-cooled 
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conversion of one of the Bonnington alternators 
was undertaken; the order for the conversion 
of the other machine at that station and the 
two at Stonebyres has recently been received. 
The Bonnington machines were rated at 
6,150 kVA. at 0.8 power factor, 11,000 volts, 
25 cycles, and had eight poles. The rating of the 
reconstructed machine, which has 16 poles and 
runs at the same speed, is 6,220 kVA. at 0.8 power 
factor, the current being supplied at 11,500 volts 


-Two 7,000 H.P. Water Turbine and Alternators at Bonnington. 


between terminals and 50 cycles. 

The reconstruction involved the supply of an 
entirely new stator winding, but it was possible 
to use the existing stator core without modifica- 
tion. The winding is of the basket type con- 
nected in two parallel circuits, and the coils are 
entirely mica insulated. It is of interest to 
record that when the old coils were removed the 
insulation was in absolutely sound condition and 
free from any trace of ionization, or of swelling 
at the points where the coils cross the radial air 
ducts in the core. 
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The new stator coils having been prepared in 
advance of the dismantling of the machine, work 
was commenced on the Ist June and by the 17th 
July the new winding was complete. The only 
other modification made to the stator was the 
replacement of the cast-iron stator coil support 
rings by ‘‘ Nomag”’ rings in order to eliminate 
the higher stray losses which would otherwise 
have occurred in this part at the higher frequency. 

The rotor was returned to Stafford Works and 
the existing poles and coils removed. These poles 
were solidly fitted into dovetail slots milled in 
the eight flats of the cast-steel hub. Eight addi- 
tional flats and dovetail slots were cut between 
those already existing. 
consisting of 


The sixteen new poles, 
bolted 
had been pre- 


sheet-steel laminations 
between gun-metal end-plates, 
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pared in advance; they also are provided with 
dovetails, but owing to the much smaller centri- 
fugal force of each pole, it was possible to use 
taper side-keys for securing them in the slots. 
The new field winding, like the old, is of bare 
copper strip, insulated with mica both between 
turns and from the metal spool on which it is 
mounted ; it is designed so that the existing 
is suitable without modification. New 
coil supports were fitted between each pole, and 
the original fans remounted on the rotor. 

The reconstruction of the rotor was taking 
place whilst the stator was being re-wound on 
site. It was reassembled in the stator without 
delay, and the reconstructed machine was finally 
brought up to speed on the 18th August, only ten 
weeks after it had been shut down. 


exciter 


More [ndustrial Locomotives. 


From time to time attention has been drawn 
in these pages to the extending use of electric 
locomotives for a wide variety of industrial 
haulage purposes, and an indication has been 
given of the progress in design and in the size of 
The special requirements of 


individual units. 


different industries and of operation under the 
most diverse labour and climatic conditions have 
been closely studied by the Company, and their 
experience of operating results confirms their 
earlier view that there is a wide scope for economy 
through the introduction of electric traction in 


Fig. 1.—New Locomotive at Stafford Works hauling 120 tons of Transformers. 
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the majority of industrial under- 
takings of considerable extent. 

The large unit illustrated in 
Fig. 3, has recently been added 
to the fleet of English 
Electric” battery locomotives 
previously supplied to the War 
Office. This locomotive is of 
the double-bogie type for 
standard gauge and has a weight 
of 31 tons. It is equipped 
with four motors giving a 
maximum tractive effort of 15,000 
Ibs. at the tread of the wheels 
and 9,000 Ibs. on the one-hour 
rating. It is believed to be the 
largest battery locomotive — in 
operation in Great Britain. 

The superstructure is of the 
central cab type, the batteries 
being contained in the two 
sloping ends. Each battery com- 
partment has a cover that is 
removable in one piece; the 
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Control equipment of the locomotive shown in Figure 4. 


The battery, which consists of 108 cells manu- 


covers are slid off by means of chain driven gear, 
so that in spite of their size and weight, it is 


a one-man job to open up 
for examination. 


factured by the D.P. Battery Company, has a 
capacity of 1,000 ampere-hours at the 10-hour 
rate of discharge. 


Fig. 3..—This 31-ton locomotive is probably the largest battery unit in Great Britain. 


= 
- 
4 A 
7. 
agee 
Fig. 
; 
the yattery 
ot) 
4 
“ie 


THE ENGLISH ELECTRIC JOURNAL 


107 


Fig. 4.—15-ton locomotive for the Peruvian Corporation. 


Special features of the equipment are an axle- 
box mileage recorder, two ampere-hour meters 
for charge” and discharge,” 
and heavy plate-glass windows to withstand 


‘ 


window wipers, 


concussion. 

A locomotive of some interest is one which has 
just been completed for the Peruvian Corporation 
Ltd. Although intended for private service, it 
is constructed for trolley operation and for hand- 
ling both freight and passenger traffic. The unit, 
which is illustrated in Fig. 4, is of the double- 
It is operated by 
has been 


bogie type and weighs 45 tons. 
four 160-H.P., 550-volt motors. It 
designed to operate at first on a 550-volt line, 
but the equipment has been arranged so that at a 
future date the line voltage can be increased to 
1,100 volts. 

It will be seen that the superstructure is of box- 
type with short projecting ends ; the latter house 
the electrically driven compressor and a motor- 
generator set to give 110 volts for the control and 
lighting. 

There is a driving cab at each end and the 


control apparatus is mounted in the central 


portion on the centre line ; the resistances are in 
two banks, one on each side of the locomotive, 
and the resistance compartments are fitted with 
louvres for ventilation. Fig. 2 shows the control 
apparatus, which is of the electrically-driven 
camshaft type, self-contained 
framework which is fitted as a complete unit. 
An interesting point about this locomotive is 


mounted on a 


that it will operate high up in the Andes at an 
altitude of 13,000 feet above sea level, and during 
its journey to site it had to be transported across 
Lake Titicaca which is 12,540 feet above sea level. 
The locomotive has been built under the super- 
vision of Messrs. Livesey Son & Henderson. 

In Fig. 1 is shown a new locomotive put into 
service a short time ago at the Company’s 
Stafford Works. This is a standard two-axle, 
14 ton battery unit of the No. 3 type which is 
largely used for hauling trailing loads of about 
120 tons in the vicinity of large works where there 
It is a type that has 
proved very serviceable for power stations and 


are no steep gradients. 


similar undertakings where train marshalling 
is carried out during six or eight hours each day. 
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lectroflo 


INDUSTRIAL INSTRUMENTS 
SINGLE INSTRUMENT 


ONE INSTRUMENT, 
OR COMPLETE EQUIP- 
MENT FOR A SUPER 
GENERATING STATION 
OR THE LARGEST 
MANUFACTURING 
PLANT. OUR UN- 
MATCHED EXPERIENCE 
AND COMPLETE 
RANGE OF BRITISH- 
MADE INSTRUMENTS 
AND CONTROLS 
ENABLE US TO RENDER 
YOU THE BEST POS- 
SIBLE SERVICE. 


THE ILLUSTRATION IS OF TWO TURBO-ALTERNATOR 
INSTRUMENT PANELS SUPPLIED TO THE ORDER OF 
THE METROPOLITAN-VICKERS ELECTRICAL CO., LTD. 
A SYSTEM OF CONCEALED ILLUMINATION OF THE 
INSTRUMENT DIALS IS INCORPORATED. 


COMPLETE 
SCHEMES 
FOR ALL 


PLANTS 


Full particulars free upon request. 


ELECTROFLO METERS C9 
ABBEY ROAD, PARK ROYAL, LONDON, n.w:o 
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PORCELAIN INSULATORS 


EXTRA HIGH TENSION AND LOW TENSION 
for 
OVERHEAD POWER TRANSMISSION, TELEGRAPH 
AND TELEPHONE LINES, BUSHINGS, ACCESSORIES, 
| &c., IN HIGHEST GRADE ELECTRICAL PORCELAIN. 


“FISH-SPINE” INSULATING BEADS 
for Bare-wire Insulation 


TAYLOR, TUNNICLIFF & CO., LTD. 


Head Office: EASTWOOD, HANLEY, 


Telephone: Hanley 5272. Telegrams: Eastwood, Hanley. 


Works: HANLEY, STONE & LONGTON. 
London Office: 110, CANNON STREET, E.C.4. 


Telephone: Mansion House 721 


LEP 


TRANSPORT & DEPOSITORY, LTD. 
Telephones : Sunlight Wharf, Upper Thames Street, Telegrams : 


Central 5443. “* Depolep,’’ London. 


(16 tn LONDON, E.C.4. 
WORLD-WIDE SHIPPING AGENTS 


Branches at: 


BIRMINGHAM. DUBLIN. GRANGEMOUTH. HULL. 
174, Corporation Street. 69, North Wall. 26, Bo'ness Read, <tades Cross. Mytcn Chambers, Myton Street. 
(Central 4266). (Dublin 44632). (Grangemouth 123). (Central 6194/5). 
BRADFORD. GLASGOW. | GRIMSBY. LEICESTER. 
Palmerston Belton 3, Manor Row. 62, West Nile Street. 143/5, Cleethorpes Road. 8, Jubilee Road. 
(Brad ferd 8386). \ 4614/5). (Grimsby 4546). (Leicester 60346). 
VER. GOOLE HARWICH. LIVERPOOL. 
18, W parton, Crescent. Belgravia. Parkestcn Quay. Tower my Water Street. 
(Dover 536). (Goole 140). (Harwich 171). (Bank 5498/5627). 
MANCHESTER. LEP rates, Albert St., ) Central SOUTHAMPTON. TILBURY. 
{ 7895 (5 lines). 32 Queen's Terrace. Western Approach Rd., 


23, Nieves St. (S'ton 4874). (‘phone 478) 


SPECIALISTS IN THE HANDLING & SHIPPING 
of 
MACHINERY OF ALL DESCRIPTIONS 
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“ Broadbent” 
CENTRIFUGAL CLUTCHES 


Should always be fitted to Electric Motors. 


Revolving Flat Card Machine in a Dunlop Rubber 

Company's Cotton Mill, driven by a 14 H.P. 

“English Electric’ motor fitted with a “Broadbent” 
Automatic Clutch. 


ONE HUNDRED AND EIGHTY ONE 


‘* Broadbent” Patent Automatic Centrifugal 
Clutches have been supplied to the Dunlop 
Rubber Company and are proving entirely 
satisfactory. 


ADVANTAGES: 


Motor starts up easily against Full Load. 

Fast and Loose Pulleys entirely dispensed 
with. 

Safe Protection of Motor against Overload. 

Squirrel-Cage Motors and Star-delta Start- 
ers can be used. 

Considerably Reduced Starting Current 


Consumption. View showing “ Broadbent "’ Automatic Clutch 


Enlarged New Catalogue on Request. with Cover Removed. 


Thomas Broadbent & Sons, Ltd. 
HUDDERSFIELD, 


Established 1864. 
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HAINOL 


ON SHUNTING SERVICE 
INDIA 


Practically the whole of the produce 
brought into Bombay by the B. B. & C. I. 


Railway is handled by these locomotives, 


BOMBAY, BARODA & CENTRAL INDIA which are two of the largest battery 
RAILWAY locomotives built in England. 


CARNAC BRIDGE YARD, BOMBAY 


a These locomotives were supplied by the 
One of two 50-ton Double Bogie Central English Electric Co., Ltd., and each is 
Cab type Battery Shunting Locomo- equipped with a Kathanode Battery rated 
tives, each equipped with four 60 H.P. at 408 ampere-hours at the one-hour rate 
440 V. Motors supplied with current of discharge, which corresponds to 714 
from a D.P. 238 cell Kathanode Battery. ampere-hours at the five-hour rate. 


Kathanode Batteries enable these loco- 
motives to carry out their arduous 
tasks with the greatest possible efficiency 
and reliability. 


— D.P.—~_ 
KATHANODE 
Tue D.P. BATTERY Co. Lt. 


BAKEWELL DERBYSHIRE 


50, GROSVENOR GARDENS, VICTORIA, S.W.1. 
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be relied on in any climate. 


to a minimum. 


The following is a Small Selecti 
Aberdeen Corporation 
British Admiralty 
Barnsley Corporation 
Bradford Corporation 
Bedford Elec. Dept. 
Brush Electrical Eng. >. 


of N 
Hull Corporation 
London Power Co. (Bow 
Road Stn.) 
London Power Co. 
(Deptford Stn.) 
Leicester Corporation 
Lancs. Dynamo & Motor 
Co. Ltd. 
Marylebone Corporation 
Metropolitan-Vickers 
Electrical Co., Ltd. 
Newport (Mon.) Corp. 
Ocker Hill Generating Stn. 
Oerlikon Ltd. 
Peterboro’ Corporation 
Preston Corporation 
Powell Duffryn 8.C. Co. Ltd. 
8. Wales Power Co. Ltd. 


British Brown-Boveri Ltd. 
British Thomson-Houston 
Co. Ltd. 
Consett Iron & Steel Co. 
Ltd 


English Electric Co. Ltd. 
Edinburgh Corporation 
Formby Depot (L.M.8. Rly.) 
General Electric Co. Ltd. 
Glasgow Corporation 
James Howden & Co. Ltd. 


Please send for descriptive Literature. 


HEENAN & FROUDE, LTD., 


WORCESTER . ENG. 


PATENT ENCLOSED CIRCUIT AIR COOLERS 


for the ventilation of Turbo-Alternators are GUARANTEED 
to provide a continuous supply of cool, clean, dry air which can 
Moreover, by means of this 
simple system, running expenses and risk by fire are reduced 


of Purchasers :— 


Stepney, Met. Borough 
Stockport Corporation 
8t. Pancras Boro’ Council 
Woolwich Corporation 
Worcester Corporation 
Yorks Elec. Power Co. 
Auckland Power Stn. N.Z. 
Adelaide Tramways 
Athens, 8t. George’s 
Power 
Centrale de Droogen- 
bosch (Brusseis) 
Capetown Suburban Rly. 
Eastern Bengal Riys. 
Perak Power Station 
State Coal Mines (Holland) 


Etc., Etc. 


ILLUSTRATION SHOWS TYPICAL “‘HEENAN”’’ ENCLOSED CIRCUIT AIR COOLING UNIT (Note Hinged Doors to facilitate cleansing of Tubes.) 


EMPIRE CLOTH AND TAPE 


for Oil-immersed Apparatus and Transformers. 


PRESSPAHN, FULLERBOARD, EBONITE 


Established 1868. 


PRESTON, ENGLAND. 


Bakelite Sheets, Tubes, Spools, 


BAKELITE RESIN, VARNISH & MOULDING POWDER. 


and all Insulating Material 
for Electrical Manufactures 


ATTWATER SONS, 


Contractors to the British, American, French and Italian War Offices and Admiralties. 


Mica, Leatheroid, Vulcanized Fibre 


etc. 
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«THE B.B.C. LONDON REGIONAL 
OK 


STATION AT BRO 


MAN’S PARK» 


The 25-panel “Sindanyo” switchboard controlling the output sides of the H.T. and filament 
current sets and other auxiliaries. By courtesy of the manufacturers -the English Electric Co. Ltd. 


DEPENDENT MILLIONS 


Every link of the broadcast transmitting “chain” requires a “setting” 
of Insulation, and is dependent upon it. Méillions of listeners regularly 
depend for their entertainment upon the non-failure of Insulation at 
both transmitting and receiving ends. Hence, the British Broadcasting 
Corporation have installed in their London Regional Station, a 25-panel 


Switchboard, with an Insulation base of “‘ SINDANYO.” 


Relieve yuurself of insulation worries—use “ Sindanyo.” 


All Switchboard manufacturers and TURNERS ASBESTOS CEMENT 
station engineers ought to have the LIMITED and the Companies with 


latest “Sindanyo” Brochure No. 16. which it is associated, own sixteen 
| works, ten asbestos mines, and 
May we send you a copy? employ over fifteen thousand people. 


REGISTE REO 


ASBESTOS ELECTRICAL INSULATIONS 


DIELECTRIC HOMOGENEOUS STRONG 


TURNERS ASBESTOS CEMENT LTD. 


Astestor House, Southwark st.$.E.1 TRAFFORD PARK, MANCHESTER 
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CRAFTSMANSHIP THROUGH THE AGES 


The 
Parallel Traditions 
Craftsmanship & 
Craskemanship 


OWN the ages skill, patience and the 
never-ceasing effort for better 
and better work mark the 
progress of the true craftsman. 
The same urge to greater and 
still greater achievement dis- 
tinguishes Craske Engraving. 


PAP RE © 


CRASKE 


‘Makers of Better Blocks’ 
5, East Harding St. London,E.C. 


XVII 
4 22 
Ys 
J 


November, 1930. 


THE ENGLISH ELECTRIC JOURNAL XVIII 


Luxury SEATING 


BY ‘ NESTA” 
SPECIALISTS IN SEATING COMFORT 


Type O.B. is a reversible Tramcar Seat designed to 
provide individual seating without any metal or operating 
mechanism at the gangway side, thus assuring full 
protection to passengers’ clothing. 


““Nesta’’ Luxury Seats are strong and light 
in weight and are built with an eye to beauty 
of line without the sacrifice of built-in 
comfort. 


Write for illustrated catalogue. 


Equipment & ENGINEERING [9 [2 


2 & 3, NoRFOLK STREET. STRAND, W.C.2. 


Telephone Cables + Telegrams : 
TEMPLE BAR 10s8, KHARPARTS, KHARPARTS, ESTRAND, 
2 Lines). LONDON.” LONDON.” 


normal conditions, 


ance negligible. 


facture, 


Send for Renold Stock Drive Booklet, 
Ref. No. 016/03 


RENOLD STOCK DRIVES 
for Efficiency and Economy 


Renold Chain Drives maintain through- 
out long life an efficiency of 98% under 


Initial cost is low and cost of mainten- 


Complete Chain Drives from 1 to 100 
H.P. are available from Stock at prices 
giving full advantage of quantity manu- 


Renold Stock Drive from Motor to Compressor 


HANS RENOLD LIMITED MANCHESTER ENGLAND 
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An Accurate, Powerful & Durable Tool 


The Butler 32" stroke Super Shaper features :— One of the 
Eight speed changes by gearbox. Quick power 
traverse (horizontally) to table. Patent self-acting 
feed motion, adjustable whilst machine is in 
motion. Centralised control. Brake motion and r \ 
safety lock. Toolbox and toolslide in forged 
steel. Ram slides chilled and ground. Micrometer Range of ALL BRITISH. MACHINE. TOOLS 
collars on feed screws. Adjustable table support. For further details apply :— 


17, GROSVENOR GARDENS, 
LONDON, S.W.1, 


and Branches. 
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FULLAGAR 
OIL 


1,500 BHP., 8-Crank Fullagar Engine 
and Alternator at Leatherhead. 


REPEAT ORDERS | 


We have the honour to announce | 
an order from the Admiralty for two | 
additional ‘English Electric” 6-crank 
750 kW. D.C. Sets for installation in 
a station where three similar units 
are in service. 


Also an order for a 6-crank 750kW. 
A.C. Set from the Delhi Electric 
Supply Company. 


WRITE FOR 
PUBLICATION No. 414B. 


The 


ENGLISH ELECTRIC 


Limited 


BRADFORD, commen RUOBY, STAFFORD 


Queen's House, Kingsway, London, W, C.2. 
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STRAKER BROTHERS LTD. 


BISHOPSGATE PRESS 


A SECTION OF OUR MACHINE ROOM SHEWING SELF-FEEDING MACHINES. 


We are Publishers of many Journals and 
specialise in Color Printing, Offset Litho 
and Letterpress. 


Power Relief Stamping and Account Book 
Manufacturers. 


You are invited to inspect our works by 
appointment. 
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